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(54) SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To eliminate the influence of a wiring 
delay on the measurement of the access time of a macrocell. 
SOLUTION: A signal TD is fed to an input D of a macrocell 101 via a 
multiplexer 102, a clock TCLK is fed to the macrocell 101 via a 
multiplexer 103, a signal Q of the macrocell 101 is outputted via a 
multiplexer 104 to a pad 109, and the clock TCLK is also outputted 
from a pad 110 via the multiplexers 103, 105. The time T1 for 
outputting the signal Q from the pad 109 after application of the clock 
TCLK to a pad 108 and the time T2 (or outputting the clock TCLK from 
the pad 1 10 after application of the clock TCLK to the pad 108 are 
measured to compute T1-T2. This computation result substantially 
agrees with the access time of the macrocell 101 minus a wiring delay. ^ ; u :LJ 
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DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the 
semiconductor device which equips a detail with the mode in which the functional test of 
the circuit block formed in the integrated circuit is performed, more about a 
semiconductor device. 
[0002] 

[Description of the Prior Art] As an integrated circuit of a semiconductor device, the 
thing which, for example, made two or more large-scale macro cells load together is 
known. A macro cell is the circuit block constituted by combining two or more small- 
scale circuit blocks already designed individually. For example, a macro cell is adopted 
as RAM (Random Access Memory) etc. A design can be easy-ized by adopting a macro 
cell. 

[0003] When a macro cell is adopted as an integrated circuit, the functional test of only 
the macro cell may be performed at the examination process of a semiconductor device. 
For this reason, the circuit for performing the functional test of the macro cell may be 
prepared in an integrated circuit. 

[0004] Drawing 6 is a circuit diagram for explaining the composition of the conventional 
functional test circuit. 

[0005] In the example of drawing 6 , the macro cell 601 has the signal input edge D, the 
clocked-into edge CLK, and the signal outgoing end Q. 

[0006] A multiplexer 602,603,604 inputs Signal TEST as a selection signal. Signal TEST 
is inputted from the outside through the input pad 605. When Signal TEST shows normal 
operation mode (non-functional test mode), a multiplexer 602 chooses the output signals 
(not shown) S61, such as other circuit blocks, and a multiplexer 603 chooses the clocks 
(not shown) S62, such as other circuit blocks. Moreover, a multiplexer 604 chooses the 
output signal S63 of other circuit blocks (not shown). On the other hand, when Signal 
TEST shows functional test mode, a multiplexer 602 chooses the signal TD for a test, and 
a multiplexer 603 chooses the clock TCLK for a test. Moreover, a multiplexer 604 
chooses the output signal TQ of a macro cell 601 . Here, the signal TD for a test is 
inputted through a pad 606, and the clock TCLK for a test is inputted through a pad 607. 
Moreover, the output signal TQ for a test is outputted outside from a pad 608. 
[0007] According to such composition, the functional test of a macro cell 601 can be 
performed by reading the signal TD for a test supplied to the pad 606,607 from the 
exterior, and the output signal TQ corresponding to the clock TCLK for a test from a pad 
608. 
[0008] 

[Problem(s) to be Solved by the Invention] Generally, as a functional test of a macro cell 
601, the examination of access time, the examination of setup time, etc. are known. 
[0009] Access time is a duration after the signal input edge D of a macro cell 601 
incorporates a signal until the signal outgoing end Q outputs a signal. When access time 
is longer than a design value, the circuit of the next step cannot be operated correctly. 


Here, the signal input edge D is the input timing (standup timing or falling timing) of 
Clock CLK, and incorporates a signal. Therefore, what is necessary is just to measure a 
duration in order to measure access time, after the clocked-into edge CLK inputs a clock 
until the signal outgoing end Q outputs a signal. 

[0010] Moreover, setup time is an allowed-time difference until the impression of signal 
potential to the signal input edge D is completed, after a clock is inputted into an 
allowed-time difference and the clocked-into edge CLK after signal potential is 
impressed to the signal input edge D until a clock is inputted into the clocked-into edge 
CLK. It is required for time difference in order for a macro cell 601 to incorporate Signal 
D correctly, after signal potential is impressed to the signal input edge D until a clock is 
inputted into the clocked-into edge CLK to be beyond a predetermined allowed-time 
difference. In order for a macro cell 601 to incorporate Signal D correctly, after similarly 
a clock is inputted into the clocked-into edge CLK, it is required for time difference until 
the impression of signal potential to the signal input edge D is completed to be beyond a 
predetermined allowed-time difference. Therefore, when these allowed-time differences 
are longer than a design value, there is a possibility that the signal D of the value which 
was mistaken in the macro cell 601 may be incorporated. For this reason, in the 
examination of setup time, when the time difference of impression start / end timing of 
Signal D and clocked-into timing is made into a predetermined value, it judges whether 
Signal D was read correctly. It is judged with the value of an output signal TQ whether 
Signal D was read correctly. 

[001 1] In the conventional semiconductor device, when access time was examined, the 
duration after the signal TD for a test is inputted into a pad 606 until Signal TQ is 
outputted to a pad 608 was measured. Moreover, when setup time was examined, the 
signal value of Output Q when setting the difference of the timing which starts and ends 
impression of the signal TD for a test to a pad 606, and the timing which impresses the 
clock TCLK for a test to a pad 607 as an above-mentioned predetermined value was read. 
[0012] When the wiring distance between a pad 606,607,608 and a macro cell 601 is a 
long, it becomes impossible to disregard a wiring delay and it becomes impossible 
however, to perform an exact functional test. For example, in the examination of above- 
mentioned access time, when the wiring delay between a pad 606, and the wiring delay 
between the signal input edges D, the signal outgoing end Q and a pad 608 cannot be 
disregarded, an exact judgment cannot be performed. Moreover, in the examination of 
above-mentioned setup time, when the difference of the wiring delay from the pad 606 to 
the signal input edge D and the wiring delay from the pad 607 to the clocked-into edge 
CLK cannot be disregarded, an exact judgment cannot be performed. 
[0013] For this reason, much of the technology for eliminating the influence of a wiring 
delay and performing an exact functional test was expected. 
[0014] 

[Means for Solving the Problem] This invention relates to a semiconductor device 
equipped with the mode in which the functional test of the circuit block formed in the 
integrated circuit is performed. 

[0015] And it has a delay stimulus-signal path forjudging the wiring delay of the signal 
path for an examination used at the time of a functional test. 

[0016] According to this invention, by performing time measurement to which a signal 
passes the signal path for an examination, and time measurement to which a signal passes 


a delay stimulus-signal path, and computing both difference, the influence of a wiring 

delay can be eliminated and an exact functional test can be performed. 

[0017] 

[Embodiments of the Invention] Hereafter, the form of operation of this invention is 
explained using a drawing, in addition, the grade the size of each constituent, a 
configuration, and an arrangement relation can understand this invention to be among 
drawing — rough — being shown --****— the numerical conditions which do not pass 
and which are explained below are only mere instantiation 
[0018] The form of implementation of the 1st of this invention is explained using 
drawing 1 and drawing 2 below the form of the 1st operation. The form of this operation 
is the example of the semiconductor device which judges the access time of a macro cell 
correctly. 

[0019] Drawing 1 is the circuit diagram showing the important section composition of the 
semiconductor device concerning the form of this operation. 

[0020] As shown in drawing 1 , this semiconductor device is equipped with the macro 
cell 101, the multiplexer 102,103,104,105 of 2 inputs, the input pad 106,107,108, and the 
output pad 109,110. 

[0021] The macro cell 101 constituted RAM etc. and is equipped with the signal input 
edge D, the clocked-into edge CLK, and the signal outgoing end Q. The signal input edge 
D and the clocked-into edge CLK input Signal D and Clock CLK from a multiplexer 
102,103 so that it may mention later. Moreover, the signal outgoing end Q supplies an 
output signal Q to the latter multiplexers 104 which are not illustrated, such as a circuit 
block. 

[0022] One input edge is connected to a pad 107, and a multiplexer 102 inputs the output 
signals (not shown) SI 1, such as other circuit blocks, from the input edge of another side. 
Moreover, the outgoing end of a multiplexer 102 is connected to the signal input edge D 
of a macro cell 101. Furthermore, the selection-signal input edge of a multiplexer 102 is 
connected to a pad 106, Here, one input edge and pad 107 of a multiplexer 102 should ^ 
just be connected at the time of a functional test. Therefore, at the time of normal 
operation, you may use a pad 107 as a signal pad for other circuit blocks (not shown). 
[0023] One input edge is connected to a pad 108, and, as for a multiplexer 103, the input 
edge of another side inputs the clock S12 from other circuit blocks (not shown) etc. 
Moreover, the outgoing end of a multiplexer 103 is connected to the clocked-into edge 
CLK of a macro cell 101. Furthermore, the selection-signal input edge of a multiplexer 

103 is connected to a pad 106. One input edge and pad 108 of a multiplexer 103 should 
just be connected at the time of a functional test. Therefore, at the time of normal 
operation, you may use a pad 108 as a signal pad for other circuit blocks (not shown). 
[0024] One input edge is connected to the signal outgoing end Q of a macro cell 101, 
and, as for a multiplexer 104, the input edge of another side inputs the output signals (not 
shown) SI 3, such as other circuit blocks. Moreover, the outgoing end of a multiplexer 

104 is connected to a pad 109. Furthermore, the selection-signal input edge of a 
multiplexer 104 is connected to a pad 106. Thereby, a pad 109 is used as an output pad of 
Signal Q at the time of a functional test, and is used as an output pad of a signal S13 at 
the time of normal operation. 

[0025] One input edge is connected to the clocked-into edge CLK of a macro cell 101, 
and, as for a multiplexer 105, the input edge of another side inputs the output signals (not 


shown) S14, such as other circuit blocks. Moreover, the outgoing end of a multiplexer 
105 is connected to a pad 110. Furthermore, the selection-signal input edge of a 
multiplexer 105 is connected to a pad 106. Thereby, a pad 110 is used as an output pad of 
Clock CLK at the time of a functional test, and is used as an output pad of a signal S14 at 
the time of normal operation. 

[0026] Here, a multiplexer 105 is arranged near the multiplexer 104. Thereby, the wire 
length from a multiplexer 104 to a pad 109 and the wire length from a multiplexer 105 to 
a pad 1 10 can be made the same. Therefore, although the difference of the wire length 
from the signal outgoing end Q to a pad 109 and the wire length from the clocked-into 
edge CLK to a pad 110 turns into a difference of the wire length from the signal outgoing 
end Q to a multiplexer 104, and the wire length from the clocked-into edge CLK to a 
multiplexer 105, a wiring-delay top can disregard this difference. Therefore, the time 
delay until a time delay and Clock CLK until an output signal Q reaches a pad 109 reach 
a pad 1 10 is substantially the same. 

[0027] Next, how to measure the access time of the semiconductor device shown in 
drawing 1 is explained using drawing 2 . 

[0028] When performing a functional test, the signal TEST supplied to a pad 106 is first 
set as the signal value in functional test mode. Thereby, by a multiplexer 102 choosing a 
pad 107, a multiplexer 103 chooses a pad 108, and a multiplexer 104 chooses Signal Q, 
and a multiplexer 105 chooses Clock CLK. Next, the signal TD for a test is inputted from 
a pad 107, and the clock TCLK for a test is inputted from a pad 108. The signal TD for a 
test and the clock TCLK for a test are inputted into a macro cell 101 through a 
multiplexer 102,103. And a macro cell 101 reads the signal TD for a test to the timing 
(starting in the example of drawing 2 timing) given with the clock TCLK for a test, and 
outputs the signal Q of the value corresponding to the value of this signal TD for a test. 
This signal Q is outputted from a pad 109 through a multiplexer 104. Moreover, the clock 
TCLK for a test is outputted from a pad 1 10 as a clock MCLK through a multiplexer 105. 
[0029] Duration Tl after the clock TCLK for a test is supplied to a pad 108 with the 
gestalt of this operation until a pad 109 outputs Signal Q Duration T2 after the clock 
TCLK for a test is supplied to a pad 108 until a pad 1 10 outputs the clock MCLK for a 
test It is measured. And difference T1-T2 of these durations It is calculated. Time as 
shown in drawing 2 , after the clock TCLK for a test is impressed to a pad 108 until it is 
inputted into a macro cell 101 tl, time after tx and Signal Q are outputted in time 
(namely, access time) after a macro cell inputs the clock TCLK for a test until it outputs 
Signal Q until it reaches a pad 109 ~ t2 ** -- if it carries out -- time Tl tl+tx+t2 it is . 
moreover ~ since the wiring delay from the clocked-into edge CLK to a pad 1 10 is 
substantially the same as the wiring delay from an outgoing end Q to a pad 109 as 
mentioned above -- time T2 tl+t2 it is . Therefore, time difference T1-T2 Access time tx 
It is in agreement. Namely, time difference T1-T2 It becomes the value which removed 
the influence of a wiring delay from the measured value Tl of access time. 
[0030] Thus, according to the semiconductor device concerning the gestalt of this 
operation, the exact access time of a macro cell can be measured. 
[003 1] The gestalt of the 2nd operation, next the gestalt of implementation of the 2nd of 
this invention are explained using drawing 3 . The gestalt of this operation is the example 
of the semiconductor device which judges the access time of a macro cell correctly. 
[0032] Drawing 3 is the circuit diagram showing the important section composition of the 


semiconductor device concerning the gestalt of this operation. 

[0033] As shown in drawing 3 , this semiconductor device is equipped with a macro cell 
301, the multiplexer 302,303 of 2 inputs, the multiplexer 304 of 3 inputs, the input pad 
305,306,307,308, and the output pad 309. 

[0034] The macro cell 301 constituted RAM etc. and is equipped with the signal input 
edge D, the clocked-into edge CLK, and the signal outgoing end Q. The signal input edge 
D and the clocked-into edge CLK input Signal D and Clock CLK from a multiplexer 
302,303 so that it may mention later. Moreover, the signal outgoing end Q outputs an 
output signal Q to the latter multiplexers 304 which are not illustrated, such as a circuit 
block. 

[0035] One input edge is connected to a pad 307, and, as for a multiplexer 302, the input 
edge of another side inputs the output signals (not shown) S3 1, such as other circuit 
blocks. Moreover, the outgoing end of a multiplexer 302 is connected to the signal input 
edge D of a macro cell 301. Furthermore, the selection-signal input edge of a multiplexer 

302 is connected to a pad 306. One input edge and pad 307 of a multiplexer 302 should 
just be connected at the time of a functional test. Therefore, at the time of normal 
operation, you may use a pad 307 as a signal pad for other circuit blocks (not shown). 
[0036] One input edge is connected to a pad 308, and, as for a multiplexer 303, the input 
edge of another side inputs the clock S3 2 from other circuit blocks (not shown) etc. 
Moreover, the outgoing end of a multiplexer 303 is connected to the clocked-into edge 
CLK of a macro cell 301. Furthermore, the selection- signal input edge of a multiplexer 

303 is connected to a pad 306. At the time of normal operation, a pad 308 may be used 
for one input edge and pad 308 of a multiplexer 303 as signal pads for other circuit 
blocks (not shown) that what is necessary is just to connect at the time of a functional 
test. 

[0037] The 1st input edge is connected to the signal outgoing end Q of a macro cell 301, 
the 2nd input edge inputs the output signals (not shown) S33, such as other circuit blocks, 

and, as for a multiplexer 304, the 3rd input edge is further connected to the clocked-into^ 

edge CLK of a macro cell 301. Moreover, the outgoing end of a multiplexer 304 is 
connected to a pad 309. Furthermore, one selection-signal input edge of a multiplexer 

304 is connected to a pad 305, and the selection-signal input edge of another side is 
connected to a pad 306. Thereby, a pad 309 is used as Signal Q and an output pad of 
Clock CLK at the time of a functional test, and is used as an output pad of a signal S3 3 at 
the time of normal operation. 

[0038] With both the forms of this operation, Signal Q and Clock CLK are outputted 
from a pad 309 through a multiplexer 304. Therefore, the difference of the wire length 
from the signal outgoing end Q to a pad 309 and the wire length from the clocked-into 
edge CLK to a pad 309 turns into a difference of the wire length from the signal outgoing 
end Q to a multiplexer 304, and the wire length from the clocked-into edge CLK to a 
multiplexer 304. Therefore, a multiplexer 304 is arranged in the position which this 
difference can disregard on a wiring delay. For example, this wiring delay can be 
disregarded now by arranging a multiplexer 304 near the macro cell 301. 
[0039] Next, how to measure the access time of the semiconductor device shown in 
drawing 3 is explained. 

[0040] When performing a functional test, the signal TEST supplied to a pad 306 is first 
set as the signal value in functional test mode. Furthermore, the signal MODE supplied to 


a pad 305 is set as the signal value for choosing an outgoing end Q. Thereby, a 
multiplexer 302 chooses a pad 307, a multiplexer 303 chooses a pad 308 and a 
multiplexer 304 chooses an outgoing end Q. Then, the signal TD for a test is inputted 
from a pad 307, and the clock TCLK for a test is inputted from a pad 308. The signal TD 
for a test and the clock TCLK for a test are inputted into a macro cell 301 through a 
multiplexer 302,303. And a macro cell 301 outputs Signal TQ. This signal TQ is 
outputted from a pad 309 through a multiplexer 304. Duration T3 after the clock TCLK 
for a test is supplied to a pad 308 at this time until a pad 309 outputs Signal TQ It is 
measured. 

[0041] Next, it is changed into the signal value for Signal MODE choosing the clocked- 
into edge CLK. And the clock TCLK for a test is inputted from a pad 308. The clock 
TCLK for a test is outputted from a pad 309 through a multiplexer 303,304. Duration T4 
after the clock TCLK for a test is supplied to a pad 308 at this time until it reaches a pad 
309 It is measured. 

[0042] Then, difference T3-T4 of a duration Access time is computed by calculating. 

[0043] Thus, one multiplexer is used with the gestalt of this operation, and it is a duration 

T3 and T4. Access time is computed after measuring individually. The exact access time 

of a macro cell can be measured also according to the gestalt of this operation. 

[0044] The gestalt of the 3rd operation, next the gestalt of implementation of the 3rd of 

this invention are explained using drawing 4 . The gestalt of this operation is the example 

of the semiconductor device which judges correctly a duration until the output signal of a 

macro cell is incorporated by the logical circuit block of the next step. 

[0045] Drawing 4 is the circuit diagram showing the important section composition of the 

semiconductor device concerning the gestalt of this operation. 

[0046] As shown in drawing 4 , this semiconductor device is equipped with a macro cell 
401, the logical circuit block 402, the latch 403, the multiplexer 404,405,406,407, the 
input pad 408,409,410, and the output pad 41 1,412. 

[0047] The macro cell 40 1 constituted RAM etc. and is equipped with the signal input ^> 
edge D, the clocked-into edge CLK, and the signal outgoing end Q. The signal input edge 
D and the clocked-into edge CLK input Signal D and Clock CLK from a multiplexer 
404,405. Moreover, the signal outgoing end Q outputs an output signal Q to latch 403, 
the latter logical circuit block 402, and a multiplexer 406. 

[0048] The logical circuit block 402 is equipped with latch 402a as an input circuit. Latch 
402a holds the signal Q inputted from the macro cell 401 to the timing of a clock S41. 
The logical circuit block 402 performs predetermined logical operation etc. using the 
output signal of latch 402a. 

[0049] Latch 403 is used as a dummy of latch 402a. Therefore, as latch 403, the thing of 
the same access time as latch 402a is used. This latch 403 holds and outputs the signal Q 
inputted from the macro cell 401 to the timing of a clock S41. 

[0050] One input edge is connected to a pad 409, and, as for a multiplexer 404, the input 
edge of another side inputs the output signals (not shown) S42, such as other circuit 
blocks. Moreover, the outgoing end of a multiplexer 404 is connected to the signal input 
edge D of a macro cell 401. Furthermore, the selection-signal input edge of a multiplexer 
404 is connected to a pad 408. One input edge and pad 409 of a multiplexer 404 should 
just be connected at the time of a functional test. Therefore, at the time of normal 
operation, you may use a pad 409 as a signal pad for other circuit blocks (not shown). 


[0051] One input edge is connected to a pad 410, and, as for a multiplexer 405, the input 
edge of another side inputs the clock S43 from other circuit blocks (not shown) etc. 
Moreover, the outgoing end of a multiplexer 405 is connected to the clocked-into edge 
CLK of a macro cell 401. Furthermore, the selection-signal input edge of a multiplexer 
405 is connected to a pad 408. At the time of normal operation, a pad 410 may be used 
for one input edge and pad 410 of a multiplexer 405 as signal pads for other circuit 
blocks (not shown) that what is necessary is just to connect at the time of a functional 
test. 

[0052] One input edge is connected to the signal outgoing end Q of a macro cell 401, and 
a multiplexer 406 inputs the output signals (not shown) S44, such as other circuit blocks, 
from the input edge of another side. Moreover, the outgoing end of a multiplexer 406 is 
connected to a pad 412. Furthermore, the selection-signal input edge of a multiplexer 406 
is connected to a pad 408. 

[0053] One input edge is connected to the signal outgoing end of latch 403, and a 
multiplexer 407 inputs the output signals (not shown) S45, such as other circuit blocks, 
from the input edge of another side. Moreover, the outgoing end of a multiplexer 407 is 
connected to a pad 411. Furthermore, the selection-signal input edge of a multiplexer 407 
is connected to a pad 408. 

[0054] The distance from the signal outgoing end Q to latch 402a and the distance from 
the signal outgoing end Q to latch 403 are substantially made in agreement with the 
gestalt of this operation. For this reason, for example, latch 403 is arranged to the logical 
circuit block 402 in near. 

[0055] Next, how to judge the access time of the semiconductor device shown in drawing 
4 is explained. 

[0056] When performing a functional test, the signal TEST supplied to a pad 408 is first 
set as the signal value in functional test mode. Thereby, by a multiplexer 404 choosing a 
pad 409, a multiplexer 405 chooses a pad 410, and a multiplexer 406 chooses Signal Q, 
and a multiplexer 407 chooses the output signal of latch 403 . Next, the signal TD for a ^ - 
test is inputted from a pad 409, and the clock TCLK for a test is inputted from a pad 410. 
The signal TD for a test and the clock TCLK for a test are inputted into a macro cell 401 
through a multiplexer 404,405. And a macro cell 401 outputs Signal Q. This signal Q is 
outputted from a pad 412 through a multiplexer 406. Moreover, this signal Q is held at 
latch 403. The signal Tq held at the latch 403 is outputted from a pad 41 1 through a 
multiplexer 407. 

[0057] In this functional test, the signal TQ outputted to a pad 412 and the signal Tq 
outputted to a pad 41 1 are measured, and it can judge whether the output Q of microcell 
is held at the latch 403 (402a) because both check coincidence and an inequality. 
[0058] That is, according to the gestalt of this operation, it can judge correctly whether 
the access time of a macro cell is in the level which is satisfactory when operating the 
latter logical circuit block 402. 

[0059] The gestalt of implementation of the 4th of this invention is explained using 
drawing 5 below the gestalt of the 4th operation. The gestalt of this operation is the 
example of the semiconductor device which judges the setup time of a macro cell 
correctly. 

[0060] Drawing 5 is the circuit diagram showing the important section composition of the 
semiconductor device concerning the gestalt of this operation. 


[0061] As shown in drawing 5 , this semiconductor device is equipped with a macro cell 
501, the multiplexer 502,503,504 of 2 inputs, the multiplexer 505 of 3 inputs, the input 
pad 506,507,508,509, and the output pad 510,51 1. 

[0062] The macro cell 501 constituted RAM etc. and is equipped with the signal input 
edge D, the clocked-into edge CLK, and the signal outgoing end Q. The signal input edge 
D and the clocked-into edge CLK input Signal D and Clock CLK from a multiplexer 
502,503 so that it may mention later. Moreover, the signal outgoing end Q outputs an 
output signal Q to the latter multiplexers 504 which are not illustrated, such as a circuit 
block. 

[0063] One input edge is connected to a pad 508, and a multiplexer 502 inputs the output 
signals (not shown) S51, such as other circuit blocks, from the input edge of another side. 
Moreover, the outgoing end of a multiplexer 502 is connected to the signal input edge D 
of a macro cell 501. Furthermore, the selection-signal input edge of a multiplexer 502 is 
connected to a pad 507. One input edge and pad 508 of a multiplexer 502 should just be 
connected at the time of a functional test. Therefore, at the time of normal operation, you 
may use a pad 508 as a signal pad for other circuit blocks (not shown). 
[0064] One input edge is connected to a pad 509, and, as for a multiplexer 503, the input 
edge of another side inputs the clock S52 from other circuit blocks (not shown) etc. 
Moreover, the outgoing end of a multiplexer 503 is connected to the clocked-into edge 
CLK of a macro cell 501. Furthermore, the selection-signal input edge of a multiplexer 
503 is connected to a pad 507. At the time of normal operation, a pad 509 may be used 
for one input edge and pad 509 of a multiplexer 503 as signal pads for other circuit 
blocks (not shown) that what is necessary is just to connect at the time of a functional 
test. 

[0065] One input edge is connected to the signal outgoing end Q of a macro cell 501, and 
a multiplexer 504 inputs the output signals (not shown) S53, such as other circuit blocks, 
from the input edge of another side. Moreover, the outgoing end of a multiplexer 504 is 
-connected to a pad-5 10 : Furthermore, the selection-signal input edge of a multiplexer 504 
is connected to a pad 507. Thereby, a pad 510 is used as an output pad of Signal Q at the 
time of a functional test, and is used as an output pad of a signal S53 at the time of 
normal operation. 

[0066] The 1st input edge is connected to the signal input edge D of a macro cell 501, the 
2nd input edge is connected to the clocked-into edge CLK of a macro cell 501, and, as for 
a multiplexer 505, the 3rd input edge inputs the output signals (not shown) S54, such as 
other circuit blocks. Moreover, the outgoing end of a multiplexer 505 is connected to a 
pad 511. Furthermore, one selection-signal input edge of a multiplexer 505 is connected 
to a pad 506, and the selection-signal input edge of another side is connected to a pad 
507. Thereby, a pad 5 1 1 is used as Signal D and an output pad of Clock CLK at the time 
of a functional test, and is used as an output pad of a signal S54 at the time of normal 
operation. 

[0067] It enables it to disregard the difference of the wiring delay of the signal which 
reaches a multiplexer 505 from a multiplexer 503, and the wiring delay of a signal which 
reaches a multiplexer 505 from a multiplexer 502 with the gestalt of this operation. For 
this reason, for example, a multiplexer 503 is arranged near the multiplexer 502. 
[0068] Next, an example of a method which examines setup time of the semiconductor 
device shown in drawing 5 is explained. 


[0069] When performing a functional test, the signal TEST supplied to a pad 507 is first 
set as the signal value in functional test mode. Furthermore, the signal MODE supplied to 
a pad 506 is set as the signal value for choosing the signal input edge D. Thereby, by a 
multiplexer 502 choosing a pad 508, a multiplexer 503 chooses a pad 509, and a 
multiplexer 504 chooses Signal Q, and a multiplexer 505 chooses the signal input edge D. 
Then, the signal TD for a test is inputted from a pad 508, and the clock TCLK for a test is 
inputted from a pad 509. After the signal TD for a test is impressed to a pad 508 at this 
time, it is the predetermined-time back tau 1. The clock TCLK for a test starts and it is 
the predetermined-time back tau 2 from this standup timing further. Impression of the 
signal TD for a test is completed. These signals TD and TCLK are impressed to a macro 
cell 501 through a multiplexer 502,503. A macro cell 501 incorporates the signal TD for 
a test to the standup timing of the clock TCLK for a test, and outputs the signal Q of the 
value according to the value of this signal TD. This signal Q is outputted from a pad 510 
through a multiplexer 504. Moreover, Signal D is outputted from a pad 5 1 1 through a 
multiplexer 505. Duration T7 after the signal TD for a test is supplied to a pad 508 at this 
time until a pad 109 outputs Signal D It is measured. 

[0070] Next, it is changed into the signal value for Signal MODE choosing the clocked- 
into edge CLK. At this time, the clock TCLK for a test is inputted from a pad 508. The 
clock TCLK for a test is outputted from a pad 511 through a multiplexer 503,505. And 
duration T8 after the clock TCLK for a test is supplied to a pad 509 until a pad 5 1 1 
outputs the clock TCLK for a test It is measured. 

[0071] Then, difference T7-T8 of a duration It calculates. This time difference T7-T8 It is 
equal to the difference of the wiring delay of the path from the pad 508 to the signal input 
edge D, and the wiring delay of the path from the pad 509 to the clocked-into edge CLK. 
Next, time difference T7-T8 The above-mentioned predetermined time tau 1 and tau 2 It 
is added. taul+ (T7-T8) is actual time after the signal TD for a test is impressed to a 
macro cell 501 until the clock TCLK for a test is impressed to a macro cell 501 among 
these addition results. Moreover, tau2+ (T7-T8) is. actual time after the clock TCLK for a 
test is impressed to a macro cell 501 until impression of the signal TD for a test is 
completed. 

[0072] Thus, with the gestalt of this operation, setup time can be examined correctly. 
[0073] 

[Effect of the Invention] As explained to the detail above, according to the semiconductor 
device concerning this invention, the influence of a wiring delay can be eliminated and an 
exact functional test can be performed. 


[Translation done.] 


